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DObjectives: This study was designed to review baseline characteristics and outcomes of children requiring tra-
cheostomy after cardiac surgery.
Methods: A retrospective review of children under age 2 requiring tracheostomy after cardiac surgery between
January 1999 and December 2005 was performed. Indications for tracheostomy, survival, and completion of
staged palliation were documented.
Results: After cardiac surgery, 59 (1.3%) of 4503 patients with a median age at surgery of 15 days and weight of
3.5 kg required tracheostomy. Median duration from surgery to tracheostomy was 36 days (range 10–145 days).
Genetic syndromes or major noncardiac comorbidities were present in 40% of patients. Biventricular repair was
performed in 34 patients and univentricular repair in 25. Tetralogy of Fallot variants (29%) and coarctation ven-
tricular septal defect (21%) constituted the majority of biventricular lesions associated with tracheostomy,
whereas unbalanced atrioventricular septal defect and hypoplastic left heart syndrome with highly restrictive atrial
septal defect accounted for 52% of the single ventricle group. Indications for tracheostomy included the following:
multifactorial (37%), tracheobronchomalacia, (24%), cardiac (12%), bilateral vocal cord paralysis (10%), bilat-
eral diaphragm paralysis (2%), and other airway issues (15%). Hospital survival was 75%with intermediate-term
(median, 25.5 months; range, 1–122 months) survival of 53%. Of 25 single ventricle patients, 6 (24%) had suc-
cessful completion of the Fontan procedure. Of 12 patients with single ventricle who were ventilator-dependent
after initial repair, 10 died, 1 remains at hemi-Fontan, and 1 has undergone completion of the Fontan procedure.
Conclusions: Requirement for tracheostomy in pediatric patients after cardiac surgery was associated with sig-
nificant mortality. Patients with single ventricle have the highest late death rate and those with chronic ventilator
dependency were unlikely to undergo successful Fontan completion. (J Thorac Cardiovasc Surg 2011;141:413-8)Earn CME credits at
http://cme.ctsnetjournals.org
Although the vast majority of children undergoing cardiovas-
cular surgery tolerate early extubation, some require prolonged
ventilatory support and are unable to be weaned from mechan-
ical ventilation. Such patients often require tracheostomy to
facilitate long-term mechanical ventilation. Other patients
may have congenital airway anomalies, or postoperative air-
way complications may develop, which necessitate tracheos-
tomy for airway maintenance. Additionally, many children
undergoing surgery for congenital heart disease have genetic
syndromes such as 22q11 deletion syndrome, which can be
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The Journal of Thoracic and Castudies have shown that airway issues prolong mechanical
ventilation and increase length of stay in the intensive care
unit (ICU) in infants after cardiac surgery.1-3 Additionally,
infants and children undergoing cardiac surgery, particularly
patients with single ventricle undergoing multiple repairs,
are at risk for surgical complications that increase the risk
for respiratory compromise. These include hemidiaphragm
paralysis and vocal cord paralysis for those patients
undergoing complex aortic arch repairs.
Early reports did not demonstrate increased mortality with
prolonged mechanical ventilation, although more recent re-
ports have demonstrated increased mortality and prolonged
ICU stay in neonates undergoing cardiac surgery.4,5 Early
tracheostomy is common in adults after cardiac surgery,
with data demonstrating higher mortality and ICU length of
stay in patients undergoing delayed tracheostomy.6 There
are no established criteria or routine practices in the pediatric
population. Data from the pediatric population are limited to
small, single-center reviews, with results highly dependent
on the patient population and practice patterns of the particular
study center.7-9 There are no studies specifically examining
outcomes of patients with single ventricle, including Fontan
completion rates. Inasmuch as tracheostomy is likely
a surrogate for poor hemodynamic or pulmonary status, it is
likely to predict patient outcomes including the ability to
proceed successfully through the Fontan procedure. Therdiovascular Surgery c Volume 141, Number 2 413
Abbreviations and Acronyms
HLHS ¼ hypoplastic left heart syndrome
ICU ¼ intensive care unit
VACTERL¼ vertebral abnormalities, anal atresia,
cardiac abnormalities,
tracheoesophageal fistula and/or
esophageal atresia, renal agenesis
and dysplasia, and limb defects
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Daims of this study were to describe the indications for
tracheostomy in infants and children undergoing cardiac
surgery, as well as the outcomes of these patients,
particularly those with single ventricle physiology.
METHODS
A retrospective review was performed at a single center. Patient admis-
sions to the congenital heart center service were identified using ICD-9 tra-
cheostomy codes. All children less than 2 years old with congenital heart
disease undergoing tracheostomy between January 1999 and December
2005 were studied. The vast majority of patients underwent diagnostic bron-
choscopic examination before or at the time of tracheostomy. Institutional
Review Board approval from the University of Michigan was obtained
with waiver of informed consent.
Baseline Data
Baseline data including demographics, cardiac diagnosis, and surgical
procedure performed were documented. If multiple cardiac anomalies
were present, the most hemodynamically significant lesion was used. Pres-
ence of genetic syndromes and other noncardiac comorbidities were also re-
corded. Comorbidities were included if they required intervention in the
neonatal period or infancy (ie, tracheoesophageal fistula or congenital dia-
phragmatic hernia).
Indications for Tracheostomy
Potential indications for tracheostomy included tracheobronchomalacia,
tracheal and subglottic stenosis, vocal cord paralysis, other upper airway is-
sues, suboptimal hemodynamics, and diaphragm paralysis. The indication
for tracheostomy was determined by a panel of reviewers consisting of 2
pediatric cardiac intensivists (T.C. and R.G.) and an attending pediatric
otolaryngologist (M.T.). For patients in whom one precise etiology could
not be determined or agreed on, the indication was deemed multifactorial
and the likely factors were explicitly stated. Suboptimal hemodynamic sta-
tus was defined as moderate or worse systemic ventricular function, moder-
ate or greater atrioventricular valve insufficiency, significant hypoxemia, or
other significant residual disease. These indications were labeled ‘‘cardiac’’
for the purposes of this analysis.
Outcome Measures
Short-term survival (ie, survival to hospital discharge) was recorded.
Intermediate-term survival was defined as survival to most-recent follow-
up. The need for mechanical ventilation at the time of hospital discharge
was also documented. The records for patients undergoing staged palliation
were examined to determine whether patients successfully completed their
palliative series, including successful completion of the Fontan procedure.
Finally, records were reviewed to determine whether patients had been suc-
cessfully decannulated and, if so, to document the time from the date of tra-
cheostomy to decannulation.414 The Journal of Thoracic and Cardiovascular SurgStatistical Analysis
Statistical analysis was performed using GraphPad InStat version 3.06
(GraphPad Software, San Diego, Calif). Medians (ranges) or means (stan-
dard deviations) were used to express descriptive data. Categorical data
were assessed using contingency tables and c2 or Fisher’s exact test as
appropriate.RESULTS
Baseline Characteristics
A total of 4503 cardiac procedures were performed in
children less than 2 years of age during the 7-year study
period. A total of 59 (1.3%) patients required tracheostomy
after cardiac surgery. Of these, 25 (11 girls) patients had
single ventricle anatomy, and 34 (16 girls) had biventricular
anatomy. The median age at surgery was 15 days (range,
1–581 days), with a median weight of 3.5 kg (range,
1.9–11.1 kg). The median duration from the date of surgery
to tracheostomy was 36 days (range, 10–145 days) and the
median length of hospital stay was 62 days (range, 6–345
days). Median duration of follow-up for survivors to hospital
discharge was 47 months (range, 1–122 months). One
patient was lost to follow-up after transfer to an outside
hospital. A total of 24 (40%) patients had a genetic
syndrome or major noncardiac comorbidity. Common
genetic syndromes included Down syndrome in 5 patients,
DiGeorge syndrome in 4 patients, and VACTERL (vertebral
abnormalities, anal atresia, cardiac abnormalities, tracheoe-
sophageal fistula and/or esophageal atresia, renal agenesis
and dysplasia, and limb defects) in 4 patients. Other chromo-
somal abnormalities of unclear significance (unbalanced
translocation of chromosomes 4 and 8, as well as a partial
duplication of chromosome 9) were also seen. In terms of
noncardiac issues, Pierre Robin sequence was present in 4
patients, omphalocele in 2 patients, and Dandy–Walker
malformation, large encephalocele, and congenital rubella
syndrome in 1 patient each. Of the 25 patients with single
ventricle, 4 (16%) had a genetic syndrome or major comor-
bidity compared with 20 of 34 (59%) patients undergoing
biventricular repairs (P ¼ .0012).
The underlying cardiac diagnoses for patients requiring
tracheostomy are shown in Table 1. A large proportion of
patients (35%) had conoventricular lesions including tetral-
ogy of Fallot with or without associated lesions including
absent pulmonary valve, pulmonary atresia, and interrupted
aortic arch. Coarctation of the aorta with or without ventric-
ular septal defect accounted for 21% of patients, and vascu-
lar rings and slings accounted for an additional 12% of
patients requiring tracheostomy. High-risk single ventricle
anatomy comprised a disproportionate degree of patients
with single ventricle who required tracheostomy. Of 25 pa-
tients with single ventricle, 7 had complete atrioventricular
septal defect, 6 hypoplastic left heart syndrome (HLHS)
with highly restrictive or intact atrial septa, 1 HLHS with
moderate–severe tricuspid regurgitation, 1 with tricuspidery c February 2011
TABLE 1. Underlying diagnosis for patient undergoing tracheostomy
(n ¼ 59)
Biventricular repairs n ¼ 34
Conotruncal defects 12
Tetralogy of Fallot 4
Tetralogy of Fallot/absent pulmonary valve 3
Tetralogy of Fallot/pulmonary atresia 3
Common arterial trunk 1
Common arterial trunk/interrupted aortic arch 1
Interrupted aortic arch 1
Coarctation of the aorta 7
Coarctation of the aorta/VSD 4
Coarctation of the aorta 3
Lesions with extracardiac vascular compression 4
Pulmonary artery sling/VSD/ASD 1
Pulmonary artery sling/heterotaxy/VSD 1
Double aortic arch with AVSD 1
Double aortic arch 1
VSD 3
TAPVC 2
AVSD 1
AVSD/TAPVC 1
CCTGA, pulmonary atresia 1
HLHS s/p heart transplant 1
D-TGA 1
Single ventricle palliations n ¼ 25
HLHS 7
Unbalanced AVSD 7
HLHS with highly restrictive or intact atrial septum 6
Other complex single ventricle 3
HLHS with>moderate tricuspid insufficiency 1
Tricuspid atresia 1
VSD, Ventricular septal defect; ASD, atrial septal defect; AVSD, atrioventricular septal
defect; TAPVC, total anomalous pulmonary venous connection; CCTGA, congenitally
corrected transposition of the great arteries; HLHS, hypoplastic left heart syndrome;
s/p, status post; D-TGA, dextrotransposition of the great arteries.
TABLE 2. Indications for tracheostomy for patients undergoing
biventricular repairs (n ¼ 34)
Postoperative factor N (%)
TBM/vascular compression 14 (41)
Multifactorial 9 (26)
TBMþVCP (3)
CardiacþDP (3)
Cardiacþsubglottic stenosis (1)
CardiacþTBM (1)
DPþTBM (1)
Tracheal/subglottic stenosis 4 (12)
Cardiac 4 (12)
Other upper airway 3 (9)
Postoperative factors contributing to requirement for tracheostomy in infants undergo-
ing biventricular repairs. TBM, Tracheobronchomalacia; VCP, vocal cord paralysis;
DP, diaphragm paralysis.
TABLE 3. Postoperative factors for patients undergoing single
ventricle palliations (n ¼ 25)
Postoperative factor n (%)
Multifactorial 13 (52)
CardiacþDP (6)
CardiacþVCP (3)
CardiacþDPþVC (2)
CardiacþTBMþVC (1)
TBMþDP (1)
Vocal cord paralysis* 6 (24)
Cardiac 3 (12)
Diaphragm paralysis (bilateral) 1 (4)
Subglottic stenosis 1 (4)
Glossoptosis (Pierre Robin) 1 (4)
Postoperative factors contributing to requirement for tracheostomy in infants undergo-
ing single ventricle palliations. DP, Diaphragm paralysis; VCP, vocal cord paralysis;
TBM, Tracheobronchomalacia. *Vocal cord paralysis was bilateral in 5 of 6 patients.
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Datresia, 7 with ‘‘straightforward’’ HLHS anatomy, and 3
with other complex single ventricle anatomy. During the
study period, a total of 358 Norwood procedures were per-
formed for all variants of HLHS, including those with unbal-
anced atrioventricular septal defect. The rate of
tracheostomy for this group was 3.6% (13/358).
Indications for Tracheostomy
The indications for tracheostomy in patients with biven-
tricular and single ventricle anatomies are listed in Table 2.
For the biventricular repair group (n¼ 34), tracheobroncho-
malacia (including that caused by extrinsic vascular com-
pression) was the primary factor in 14 patients. Multiple
factors were present in 9 patients, whereas primary cardiac
causes and other airway issues were factors in a small pro-
portion of patients.
A multifactorial etiology was present in over half of the
patients with single ventricle, with most of the multifactorial
indications including suboptimal hemodynamics in conjunc-The Journal of Thoracic and Cation with an operative complication such as vocal cord (bi-
lateral in 5/6 patients) or bilateral diaphragmatic paralysis
(Table 3). Tracheobronchomalacia was not seen as a solitary
indication for tracheostomy in patients undergoing single
ventricle palliations.Detailed Results for Vascular Ring Population
A total of 49 repairs of vascular rings and pulmonary
artery slings were performed during the course of the study
period. The anatomy consisted of pulmonary artery sling in
4 patients, double aortic arch in 18 patients, and right aortic
arch with aberrant subclavian artery in 27 patients. An addi-
tional 2 patients had upper airway obstruction (Pierre Robin
sequence) and underwent tracheostomy before vascular ring
surgery; therefore, they were not included in the analysis. A
total of 8 patients underwent intracardiac repairs at the time
of their ring repair.
Among the 4 patients with vascular rings requiring trache-
ostomy, the diagnosis was pulmonary artery sling in 2 pa-
tients and double aortic arch in 2 patients. Both of therdiovascular Surgery c Volume 141, Number 2 415
Ventilator Dependent 
(n=12)
Survive to Hospital
Discharge (n=7)
Completed Fontan
(n=1)
Remains at Hemi-Fontan
(n=1)
Died in Hospital
(n=5)
Died Late
(n=5)
FIGURE 1. Outcomes of patients with single ventricle who were
ventilator-dependent at time of hospital discharge.
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Dpatients with a pulmonary artery sling had long-segment tra-
cheal stenosis and required tracheal reconstruction at the
time of repair. Both of these patients had major additional le-
sions, 1 with VACTERL syndrome, ventricular septal de-
fect, and atrial septal defect, and the other with heterotaxy
syndrome, ventricular septal defect, and absent left lung.
The latter patient also underwent aortopexy at the time of
repair. Of the 2 patients with double aortic arch requiring
tracheostomy, 1 was an infant with Down syndrome, atrio-
ventricular septal defect, and severe tracheal stenosis.
The second patient with double aortic arch had a life-
threatening respiratory event after surgery and underwent
trachesotomy for severe tracheomalacia.
Complications of Tracheostomy
A standardized approach to repeat sternotomy after tra-
cheostomy was used. The tracheostomy site was draped out-
side the surgical field with a sterile impermeable drape. No
changes were made in prophylactic antibiotic therapy. The
incidence of wound infections in the single ventricle popula-
tion was assessed, inasmuch as a large percentage of these
patients underwent subsequent sternotomy with a trachesot-
omy in place (14 patients underwent 22 sternotomies with
a tracheostomy in place). Three cases of mediastinitis were
seen, 2 involving Pseudomonas aeruginosa and 1 involving
Escherichia coli. Two of these patients were critically ill
postoperatively and were left with the sternum open for pro-
longed periods (>7 days).
Mortality
The overall survival to hospital discharge or transfer was
46 (78%) of 59, with 27 (79%) of 34 surviving in the biven-
tricular repair group, and 19 (76%) of 25 surviving in
the single ventricle group. Overall survival during the
follow-up period was 31 (53%) of 58, with 22 (67%) of
33 surviving in the biventricular repair group (1 patient
lost to follow-up) and 9 (36%) of 25 in the single ventricle
group (P ¼ .03).
Among all patients with congenital heart disease undergo-
ing tracheostomy, 23 (40%) of 58 were decannulated after
a median time of 32 months (range, 3–98 months). For
patients with single ventricle, 9 (36%) of 25 were success-
fully decannulated after 26 months (range, 5–59 months)
compared with 14 (42%) of 33 patients in the biventricular
repair group after 33 months (range, 14–33 months; P¼ .62).
Detailed Results for Patients With Single Ventricle
Patients undergoing single ventricle palliations requiring
tracheostomy were divided into 2 groups. The first group
(non–ventilator dependent) included patients with isolated
upper airway causes for tracheostomy who did not require
mechanical ventilation at discharge; the second group (ven-
tilator dependent) could not be weaned from mechanical
ventilation and were, therefore, ventilated at the time of416 The Journal of Thoracic and Cardiovascular Surgdeath or discharge from the hospital. A flow diagram for
this group is shown in Figure 1. Initial hospital survival
for patients not requiring mechanical ventilation was 12
(92%) of 13, compared with 7 (58%) of 12 for those requir-
ing mechanical ventilation (P ¼ .07). Five of the 13 non–
ventilator-dependent patients compared with 1 of 12
ventilator-dependent patients were able to have successful
completion of the Fontan procedure (P ¼ .16).
DISCUSSION
This single-center study identified a low rate of tracheos-
tomy (0.9%) among patients after cardiac surgery, which is
comparable with previously reported data.7 In addition, tra-
cheostomy was associated with a high rate of morbidity and
mortality, particularly among infants. Although this may not
be surprising, these data do provide insight into patient and
perioperative factors contributing to tracheostomy require-
ment, as well as outcomes for this patient population. This
study is the largest to date and the first to detail outcomes
after tracheostomy for patients with single ventricle.
Two-Ventricle Repair Population
Tracheobronchomalacia was a common factor in the
need for tracheostomy in the biventricular repair group.
An earlier study demonstrated increased mortality and pro-
longed hospital stay in children with tracheobronchomala-
cia.10 Interestingly, this study demonstrated a higher risk
of death for redo procedures and palliative procedures in
this group, demonstrating that the comorbidity of tracheo-
bronchomalacia can contribute to mortality in this complex
patient population. The other dominant finding among pa-
tients having biventricular repair was the high rate (59%)
of genetic syndromes and noncardiac anomalies. Syn-
dromes commonly associated with congenital heart disease,
including DiGeorge syndrome and Down syndrome, may
be associated with increased risk for airway abnormali-
ties.11,12 Additionally, major noncardiac anomalies such
as congenital diaphragmatic hernia or tracheoesophageal
fistula may increase the risk for prolonged mechanical
ventilation or the need for tracheostomy.
Single Ventricle Repair Population
Two broad categories of patients with single ventricle
required tracheostomy. The first included patients withery c February 2011
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Drelatively straightforward HLHS anatomy who had the sur-
gical complications of vocal cord or hemidiaphragm paraly-
sis. The incidence of vocal cord paralysis in this subgroup
has been cited at 9%13 and is likely the result of extensive
aortic arch reconstruction performed at the time of the Nor-
wood procedure with resultant recurrent laryngeal nerve in-
jury. In this study, patients with isolated vocal cord paralysis
who required tracheostomy solely for airway maintenance
generally were long-term survivors and tolerated Fontan
completion. This sharply contrasts with the second group
of patients with single ventricle, which consisted of those
with high-risk anatomy, including unbalanced atrioventricu-
lar septal defect, significant tricuspid insufficiency, or highly
restrictive or intact atrial septum. In these patients, a multi-
factorial etiology of tracheostomy requirement could be
seen, with additive insults of vocal cord and diaphragm
paralysis in the setting of suboptimal hemodynamics. These
patients have high mortality, with poor rates of completion
of the Fontan procedure. Diaphragm paralysis is a known
complication of cardiac surgery, with rates reported from
1.6% to 5.4%.14-16 The prevalence in patients after
Fontan procedure has been reported to be as high as
24.6% and is associated with increased morbidity.17 Mini-
mizing the operative complications of vocal cord and dia-
phragm paralysis is imperative, particularly in patients
already at increased risk. The patients at higher risk for mor-
tality (those with unbalanced atrioventricular septal defect
and those with highly restrictive atrial septa) may also be
at high risk for these complications owing to atypical anat-
omy related to heterotaxy, as well as the need for multiple
reoperations.
Inasmuch as this study was performed at a single institu-
tion, institutional practices likely are a large factor in terms
of both the number of patients undergoing tracheostomy
and their outcomes. There is no institutional protocol for
the timing of tracheostomy in patients with congenital heart
disease. If a patient cannot be extubated, the general approach
is to identify anatomic or physiologic causes that are poten-
tially reversible. For example, if a paralyzed hemidiaphragm
is found, the patient would undergo diaphragm plication be-
fore a second extubation attempt. On average, patients are
given 3 extubation attempts before tracheostomy, unless
a problem is identified that is unlikely to improve (ie, severe
subglottic stenosis). The median duration from cardiac sur-
gery to tracheostomy of 36 days (range, 10–145 days) is
only slightly longer than the 30-day duration previously pub-
lished7 These durations are significantly longer than the stan-
dard practice of tracheostomy within 2 to 3 weeks in adult
patients. This is supported by data demonstrating longer
ICU stay, higher ICU mortality, and higher rate of failure to
wean from mechanical ventilation in adults undergoing tra-
cheostomy after greater than 21 days of intubation.6 Results
of very early tracheostomy (within 2–4 days) in adults have
been mixed.18,19 Given different etiologies for prolongedThe Journal of Thoracic and Caventilation in adults compared with children, it is difficult
to extrapolate experience from adult studies to the pediatric
population. Although it is possible that early tracheostomy
may improve outcomes in young children, which patients
may benefit from this practice is unknown at this time.
The extremely poor outcomes of patients with single ven-
tricle who require tracheostomy is concerning and requires
further study. These patients often represent the highest
risk single ventricle group, including those with unbalanced
atrioventricular septal defect and tricuspid insufficiency, as
well as those with highly restrictive or intact atrial septa.
Consideration for earlier referral for cardiac transplantation
or alternative operative approaches, such as a hybrid proce-
dure, should be considered for these high-risk patients. Data
for high-risk patients with single ventricle undergoing hy-
brid procedures are limited to small single-center studies,
demonstrating 43% to 50% mortality at intermediate-term
follow-up.20,21 If high-risk patients with single ventricle re-
quire tracheostomy and long-term mechanical ventilation,
parents should be counseled/informed about the grim prog-
nosis for this patient population.Limitations
Inasmuch as this is a single-center study, the results may
not necessarily be applicable to all centers. The study insti-
tution likely has a referral bias for high-risk patients with sin-
gle ventricle inasmuch as many such patients present from
outside the geographic referral area. Additionally, a large
proportion of the group having biventricular repair had ge-
netic syndromes or significant noncardiac comorbidities,
which may induce referral bias as well. Inasmuch as this
was a retrospective review, caution must be exercised before
prospective application of the results.CONCLUSIONS
Requirement for tracheostomy in pediatric patients after
cardiac surgery was associated with significant early and
late mortality. Patients with single ventricle have the highest
late death rate and those with chronic ventilator dependency
were unlikely to undergo successful Fontan completion.
Further study of the risk factors for tracheostomy and poor
outcomes in patients undergoing single ventricle palliation
is necessary.
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